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Introduction
The Functional Requirements for Bibliographic Records (FRBR) is a conceptual model of the "bibliographic universe" (works, texts, editions, documents and the like) that was developed by the International Federation of Library Associations (IFLA 1998) . It is intended to guide the development of both software system development and information management policy. Although designed primarily to support the library community FRBR has been recognized as one of the most sophisticated and empirically grounded frameworks for intellectual material in general and is increasingly influential in other domains requiring ontologies for content management. FRBR is a major intellectual achievement that promises wide application in all aspects of information management, but especially the management of intellectual objects, which is at the foundation of commercial, scientific, and cultural activities.
Although some alternative models have been debated, there has been surprisingly little published analysis of the internal consistency of FRBR, and, specifically, of the relationship of the formal model to the assertions made in various expository accounts. We show that there are some interesting variations between FRBR's formal model and the narrative expositions of FRBR's authors and explicators -that is, between the formal model and the framework as more broadly understood by the community. We analyze these and explore modifications that would capture the currently unmodeled, but acknowledged, relationships, improving the model's consistency and usefulness. In the course of this analysis we will see that there are remain some intriguing problems.
Overview of FRBR
FRBR recognizes four groups of entities, identifying attributes that characterize these entities, and binary relationships that hold between these entities. Here we focus on the FRBR "Group 1" entities: work, expression, manifestation, item:
The FRBR Group 1 Entities Each entity type is assigned a set of attributes. Works have such things as titles and genre; expressions have a particular language as an attribute (French and German translations of the same work are different expressions); manifestations have attributes like typeface and type size; and items have attributes such as condition and location. Items are physical objects, but the other first three entities are clearly abstract objects.
Named relationships hold between adjacent entities: a single work may be realized by a number of expressions, each of which may be embodied in a number of manifestations, and each of those may be exemplified by many items. Below is an ER diagram representing these relationships, the arrow heads indicating cardinality. The Set Theoretic Alternative FRBR has been widely applied and discussed, and a number of authors (Svenonius, 2001; Weinstein, 1998; Abrams, 2002; Taniguchi, 2002 , Carlyle 2004 In a set-theoretic model classes of abstract entities (work, expression, manifestation) are replaced with classes and superclasses of physical entities exhibiting common characteristics. For instance items belonging to the same edition are represented as a set of all items having a certain common publishing history, rather than as related in a particular way to an abstract object (a manifestation). That a number of items have the same text is represented by identifying a set of textually similar items, or items faithfully produced (directly or indirectly) from an original. These sets form a taxonomic hierarchy: all items with the same publishing history are also textually similar, all textually similar items also have the same intellectual content. This alternative is a natural and classic approach to avoiding ontological commitment to (presumably dubious) abstract entities and may be more flexible in modeling intermediate and multidimensional characterizations (Renear et al 2003) .
Possible Problems with Internal Consistency

Disjointness is Assumed, but not Modeled / Easily Fixed
In any discussion of FRBR it is assumed that the Group 1 entity classes are disjoint. But this is not explicitly modeled in the FRBR ER diagram. Indeed, it is not possible to represent disjointness in (basic) ER modeling at all. This problem is easily solved using a more expressive modeling language that can make the claim explicitly.
Modeling disjoint relationships with Enhanced Entity-Relationship Modeling (EER)
Of course what is important, here, if anything will be not the presence of absence of some particular graphic device in a specific graphic modeling language, but the theoretical significance of a required increase logical expressiveness.
Inheritance is Assumed, but not Modeled -not so Easily Fixed
In presenting FRBR researchers and practitioners use expressions such as hierarchy and inheritance, and describe entities at "lower levels" of the Group 1 entity "hierarchy" as "inheriting" the characteristics of their corresponding entities at higher levels.
• Vellucci refers to "hierarchical levels" between Group 1 entities, "each of which incorporates the attributes of its superordinate entity". (Vellucci 1997 ).
• Oliver writes "the characteristics of the work belong to all expressions, all manifestations, and all items[…] characteristics (or attributes) are inherited by all lower levels of the hierarchy." (Oliver 2003 ).
• Tillett , speaks of Group 1 entities as forming a "hierarchy" (Tillett 2003 , Tillett 2004 ) and of properties as being "inherited"; saying in one place: "a characteristic of a work is carried to all the entities below it in the hierarchy through a transitive relationship." (Tillett 2003) See also Antelman, 2004; Bennett, 2003; Taniguchi, 2002 Taniguchi, , 2003 .
A natural interpretation of this is: If Herman Melville is the author of the work Moby Dick, then he is the author of the specific expression (text) that someone reads, the manifestation (edition) they choose to seek out, and the item (physical book) that they purchase; if the text is in German, then so is the edition, and so is the physical book; if the edition is in Helvetica then so is the physical book; and so on.
However there is nothing in the FRBR ER model or the FRBR text that explicitly implies any inheritance of properties.
Attribute inheritance is most often conceptualized as sub/super class inheritance: a member of a subclass inherits all the attributes of its superclass in virtue of the fact that all members of a subclass are members of the superclass-the relationship expressed by a taxonomic class hierarchy. However, the FRBR ER diagram is not a taxonomic class hierarchy and in fact basic ER does support sub/super class inheritance. EER however does and so could generate a parallel taxonomic hierarchy similar to the principal hierarchy of a set-theoretic approach. However this would not seem to do justice to the intuition had by the FRBR explicators that properties are inherited by entities in virtue of their inherent bibliographic relationships to other entities. [We apparently are not the first to suspect a possible problem along these lines (Manzanos 2003) ]
Excursis: Taxonomic vs ER Diagrams
To see inheritance as implied by the relationship between entity classes in an ER model would be, of course, a misunderstanding of ER diagrams. The boxes do represent classes of entities, and the relationships are, in a sense, hierarchical. But the relationships are not subclass relationships -and that is what is needed to conclude that properties are inherited on the basis of the boxes and arrows alone. FRBR expositors are not confused about this, but the following discussion will ensure no conflation clouds our discussion here. [Note by the way that the set-theoretic alternative to FRBR does create a taxonomic class hierarchy, and one structurally isomorphic with FRBR's ER model.]
In a traditional taxonomic class hierarchies the boxes represent classes of things and an arrow indicates that all members of a class (box) pointed to are members of the class pointed from. This relationship can be formalized either in terms of sets or in terms of properties related by implication. The latter might be described as a concept hierarchy rather than a class hierarchy, but the two formulations are obviously extensionally equivalent (All whales are mammals if and only if the set of whiles is a subset of the set of mammals.).
Graphical modeling systems like ER diagrams have some advantages over linear systems, like first order logic. Not least their visual intuitive nature encourages casual use, without reference to explicit formalization. But experience within the AI community in the 70s-80s revealed the disadvantage: it is easy to overload the graphics and misunderstand the relationships.
To summarize:
In a taxonomic class hierarchy the consistent direction of the arrows representing the subclass relationship has the result that any property possessed by all members of a class S is also possessed by all members of any subclass: if all dogs are mammals, and all mammals have kidneys, then all dogs have kidneys. The subclass relation being transitive this reasoning may be iteratively applied along the chain of arrows, to establish inheritance "down" the tree (transitive closure).
In ER diagrams the boxes continue to represent sets of entities, but the arrows no longer represent subclass relationships, instead they represent arbitrary substantive relationships that may hold between members of the entity sets. In an ER diagram, unlike the taxonomic class diagram, that two boxes are linked by an arrow does not imply a subclass relationship, or, in itself, inheritance.
Beyond Boxes and Arrows: Modeling General Inheritance
Let's start over, without any preconceptions of how inheritance is established or represented.
General inheritance may be described as one entity receiving "properties or characteristics of another, normally as a result of some special relationship between the giver and receiver" (Danforth and Tomlinson 1988, cited by Taivalsaari 1996) . A first cut along these lines might be:
D1: F is inherited with respect to
This says that a particular property F is inherited with respect to a relation R whenever it is the case that if something bears R to something else, then if the first thing is F then the second is also. So is blue (F) inherits with respect to has as a part (R). Because if something is part of a blue thing then it is itself a blue thing. And, presumably, being authored by Melville (F) inherits with respect to realizes (R).
One may also define inheritance not for individual determinate properties, but for general determinable attributes:
D2: Amz is inherited with respect to R =df (∀x)(∀y))(∀z)[(Rxy ⊃ (Axz ⊃ Ayz)]
Here A is a two place predicate representing a determinable attribute such a has the color and z ranges over possible colors, such as blue, understood as a individuals, not predicates. Colloquially the application to the color example would be: the color of a thing is inherited by its parts. The bibliographic example here would be: the author of an expression (text) is inherited from the [work] it realizes. Note the additional generality over D1.
These are reasonable beginnings and certainly necessary conditions for relationship-based inheritance, but hardly unproblematic. For one thing both may be trivially satisfied (an exercise for the reader), producing counterexamples against sufficiency. Repairs suggest themselves but whether a sound intuitive definition is possible remains to be seen. There is also implicit quantification over predicates and relations, often a source of difficulty.
Apart from such problems, how close are we to formalizing the claims of FRBR expositors? D1 and D2 can be used support individual inheritance across each Group 1 relationship, but Tillett refers to "a transitive relation" that supports inheritance of all properties down the hierarchy [Tillett 2003 ]. There is no single articulated FRBR relationship that fits the bill here, but one may be defined in terms of given FRBR relationships:
Carries (we take the term from Tillett's remark, mentioned above) is transitive and may be used for R in D1 and D2 to ensure that all inheritable properties are inherited down the entire hierarchy.
The question now becomes how much of first order logic do we need in order to complete this picture, modeling the specific assertions of inheritance and all the other FRBR assertions The answers will determine computational tractability, as well as what tools and software will be available to implement the conceptual models in actual database schemas. We put the question in terms of logic, but it is really about expressiveness in general:
How expressive does a formal language need to be in order to implement FRBR?
Second thoughts: At some point we must ask whether we really do want general inheritance in FRBR. After all there is no mention of inheritance in the FRBR document itself -so perhaps these attributes are not really inherited? Perhaps, strictly speaking, an item has a worm hole, but not a typeface? And an edition a typeface but not, strictly speaking, a language? [This appears to be the view implied by a comment on the FRBR listserv (Manzanos 2003) ] If so then perhaps what we need is only a systematic way of saying that physical books (items) have typefaces, languages, authors, genres, and the like derivatively. Something like this… D4: an entity y has an attribute F derivatively =df for some y, x carries y, and y has (strictly) the attribute F.
But then again, if a manifestation does not properly have a language, what are the properties it does have in virtue of which we say it embodies the particular expression that it does embody?
Conclusion
FRBR is a profound and influential formal model for intellectual content. We look forward to both its wide adoption and to the basic research it will inspire. Not surprisingly, given the difficulty and ambition of the agenda, some of the details are yet not quite clear. And the required clarification appears certain to immerse us in some of the deepest issues in the modeling and representation of intellectual objects -we look forward to that as well.
